INTRODUCTION
Head and neck reconstruction is one of the most challenging procedures for plastic surgeons. The radial forearm flap is one of the seven standard procedures in head and neck reconstruction because it can provide thin and pliable soft tissue to fit the defect. Additionally, the forearm flap can be folded in bipaddled fashion, in which the intervening skin was de-epithelialized or bisected down to fascia for facilitating folding the flap. 1, 2 Bhathena et al stated that the bipaddled flap could be used as two or more separate paddles to provide skin cover and mucosa lining simultaneously. 1 Although the cutaneous vascular territories of the forearm has been documented, 3 anatomical variation of perforator characteristics still exists. 4 Without well recognizing the vascular territories of the perforator, the pedicle may be damaged and the survival of the flap diminished.
In this study, we designed an intraoperative mapping technique using the transillumination method. The transillumination method has a long history and has been widely applied in many aspects. [5] [6] [7] In this method, the sample is illuminated by transmission of light through the sample. For example, by holding a light behind the scrotum, pediatricians can determine whether a mass is cystic (light shines through) or solid (light blocked by the mass). If there is a hydrocele, transillumination will reveal clear fluid surrounding the testicle. 6 The use of transillumination for vascular access is an even older concept, which was first described in the 1970s. 8 Additionally, the transillumination method has been applied in the identification of mesenteric vascular network. By placing a light source behind the mesentery, transillumination provides a projected surgical field in which surgeons can more clearly see the vasculature. 7 With the same motivation, we used the transillumination method for intraoperative vascular mapping of subfascial plexus of the perforator in radial forearm flap. This study described this technique and compared the perioperative outcomes and complications of this method with those of the standard folded radial forearm flap in head and neck reconstruction.
METHODS

Subjects
Between January 2011 and December 2017, we applied the transillumination method on 12 patients who underwent head and neck reconstruction with forearm flaps immediately after Postoperatively, all patients were requested to receive outpatient follow-up for at least 3 months. This retrospective case-control study was ethically approved by the Institutional Review Board in National Yang-Ming University Hospital.
Surgical technique
After complete surgical removal of oral cavity cancer, head and neck reconstruction was performed using a forearm flap (Fig. 1A) . The forearm flap was planned and the location of perforator was confirmed by a handheld acoustic Doppler. The forearm flap was harvested with preservation of the radial artery pedicle (Fig. 1B) . In the application of the transillumination method, the operator elevated the forearm flap and the assistant placed a light source behind the flap. Details of the method are similar to those previously described by Liu 2010. 7 The transillumination effect allows clear identification of the subfascial plexus, the territories of the perforator branches, and the watershed area, which was the suitable location to partially divide the flap (Fig. 1C) . The forearm flap can be then further designed and shaped with only one perforator (Fig. 1D) . Finally, the forearm flap was inset into the defect for subsequent reconstruction (Fig. 1E) . Fig. 1 A, A mouth floor and partial tongue defect after surgical resection of tongue cancer. B, The forearm fasciocutaneous flap was harvested with preservation of the radial artery pedicle. C, Using intraoperative transillumination method, the vascular territories of the perforator branches and the subfascial plexus were identified. The arrow indicated the watershed area, which was the suitable place to partially divide the flap. P: perforator. D, The 5 × 7 cm forearm flap was further designed and shaped into two 7 × 3cm and 7 × 2cm flaps. E, The forearm flap was inset into the defect and sutured to the remaining mucosa.
Statistical analysis
The continuous variables were presented as median (interquartile range) and the categorical variables were presented as count (percentage). To compare the two groups, Mann-Whitney U test and Fisher Exact test were used for continuous variables and categorical variables, respectively. A two-tailed p < 0.05 indicated statistical significance. All analyses were performed using IBM SPSS Statistics for Windows, Version 19.0 (IBM Corporation, Armonk, NY, USA).
RESULTS
Table presents the comparison of the case and control groups. The distribution of diagnoses differed significantly between the two groups. Patients in the case group mainly had cancer in the tongue and mouth floor, whereas most of the patients in the control group had buccal, gingival, and palate cancers. There was no significant difference in harvesting time, operative time, or blood loss between the case and control groups. In this study, no patient experienced donor-site complication. There was no significant difference of recipient-site complications between the case and control groups. Both groups had median periods of follow-up of more than 6 months (Table) .
DISCUSSION
This study described an intraoperative transillumination method for mapping of subfascial plexus of forearm flap and compared the perioperative outcomes and complications of the method with those of the standard folded radial forearm flap in head and neck reconstruction. There was no significant difference regarding harvesting time, operative time, blood loss, or complications between the two methods.
The radial forearm flap provides some distinct advantages for head and neck reconstruction. It is a reliable and easily harvested flap. Additionally, it offers thin and pliable soft tissue to meet the intricate requirements in head and neck reconstruction. Under aesthetic and functional considerations, folded and bipaddled forearm flap was developed and has been commonly adopted.
1,2 Bhathena stated that the bipaddled flap can be used as two or more separate paddles to simultaneously provide mucosa lining and skin cover. 1 However, there is need with this procedure to de-epithelialize or to excise down to fascia the intervening skin segment between the two paddles, which may lead to injury of the vascular territories of the radial artery pedicle.
1,2 Although the cadaveric study by Lamberty et al documented that the skin vascular territories of the forearm provide an anatomical basis of bipaddling the forearm flap, 3 anatomical variation of perforator characteristics still exists and is apparent. 4 Therefore, an intraoperative technique is necessary for identifying the vascular plexus to facilitate free-style flap design.
Several methods for intraoperative vascular exploration have been reported. In a case series containing 15 patients, Sacks et al used laser-assisted near-infrared indocyanine green angiography to intraoperatively localize the perforator perfusion zones for assisting immediate anterolateral thigh flap design. 9 In a case report of a conjoined anterolateral thigh and tensor fascia latae perforator, Buehrer et al proposed similar modality utilizing intraoperative indocyanine green monitoring to identify a sufficient perforasome before flap harvesting and also to assess the vascular flow after anastomoses. 10 Sacks et al stated that the laser-assisted indocyanine green angiography can provide realtime, intraoperative, and quantitative information to optimize anterolateral thigh flap design and that the handheld Doppler was not used to identify the perforator preoperatively. 9 In comparison, indocyanine green angiography is evidently more complicated than the transillumination method.
The transillumination method has been applied in many aspects, including in venipuncture, examination of hydrocele, and identification of mesenteric vascular network. [5] [6] [7] The intraoperative transillumination method demonstrated in this study had the same characteristics as these applications. First, the light source can very simply and sufficiently be a fully charged penlight. Second, the method can be performed under naked eyes without any further analysis. Most importantly, the intraoperative transillumination method can allow plastic surgeons to be more confident in dividing and shaping the forearm flap in a freestyle manner. Although this study revealed no significant difference in perioperative outcomes and complications between the two groups, the negative results should not reduce the value of the transillumination method. As the transillumination method can help surgeons to design a more delicate flap for each unique defect, it might have an effect on patients' satisfaction rather than on clinical outcomes. Future studies are needed to further explore the effect of the transillumination method on patients' satisfaction, function, and quality of life.
The different diagnoses between the case and control groups mainly stemmed from the different reconstruction needs of the anatomical areas. The removal of buccal, gingival, or palate cancers usually results in a large defect, which only indicates flap coverage. Conversely, the removal of tongue or mouth floor cancer usually results in a more complicated defect because reconstruction The data indicated the sizes of the final two divided flaps.
Original Article. (2019) 82:7 J Chin Med Assoc of the tongue is much more difficult to achieve. The goal of reconstruction of the tongue is to restore swallowing function, protect the airway, facilitate articulation, and provide sufficient bulk to fill the oral cavity. 11, 12 Thus, reconstruction of the tongue usually warrants a more delicately designed flap. Surgical requirements of tongue or mouth floor cancers are discernably more complex than that of buccal, gingival, or palate cancers. Therefore, comparison of these two groups might underestimate the effect of the transillumination method, which might be the reason of the negative results in this study. Further investigations are warranted to study the potential benefit of the transillumination method.
There are several limitations of this study. First, owing to the retrospective study design, potential selection bias and report bias could not be avoided. Second, the sample size was small and all patients were operated on by the same plastic surgeon, which decrease the external validity of this study.
In conclusion, the transillumination method can allow plastic surgeons to easily identify the perforator vascular plexus of the radial forearm flap, which facilitates intraoperative flap design in head and neck reconstruction without increasing harvesting time and postoperative complications.
